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Abstract
Cognitive radio technology emerges as a promising solution to solve the electromagnetic spectrum scarcity. Essen-
tially, the idea behind cognitive radio is to dynamically access underutilized frequency bands in order to improve the
spectrum utilization. Currently, several countries around the world are carrying on spectrum occupancy measurement
campaigns. However, in Mexico, such measurements have not been carried out yet. In this paper, we present results
of power spectrum measurements conducted in the city of San Luis Potosi, Mexico. The preliminary study measures
and analyzes the spectrum power in the range of 30 to 910 MHz. Samples of the power spectrum are taken at diﬀerent
times throughout a day and then averaged to obtain the overall behavior. Results clearly show an ineﬃcient use of
electromagnetic spectrum in the bands with very low or completely none activity meanwhile there are other bands very
crowded with a lot of activity.
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Keywords: cognitive radio, spectrum measurements, power spectrum, measurement campaign, spectral analysis.
1. Introduction
Historically, the electromagnetic spectrum has been regulated by governmental authorities, mainly be-
cause of the inherent importance of controlling communications and the high investment in infrastructural
deployment. Traditionally, regulators allocate speciﬁc frequency bands to primary users based on a ﬁxed
spectrum access (FSA) policy, which has lead the usable electromagnetic spectrum to become apparently
saturated. This scenario has created a spectrum shortage scenario, mainly because in recent times wireless
communication systems have shown an exponentially spread and currently the spectrum is fully assigned,
which inhibits the inclusion of new services [1]. In light of this problem, cognitive radio (CR) [2] represents
a feasible solution to the spectrum scarcity problem. The core idea behind CR is based on the fact that pri-
mary (or licensed) users, might not use their allocated frequency band at the same time and/or geographical
location. Therefore, unused spectrum spaces, known in the literature as spectrum holes, may thus be ac-
cessed dynamically by secondary (or unlicensed) users to whom the frequency band has not been allocated.
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For practical planning and implementation of CR networks, it is crucial to know the current utilization of the
electromagnetic spectrum, for which long-term spectrum measurements are preferred [3]. In ﬁrst instance,
knowing the spectrum usage allows the identiﬁcation of potential frequency bands that might be accessed
opportunistically by secondary users. Moreover, results generated from an analysis of the electromagnetic
spectrum can be used to develop realistic models of spectrum occupancy to evaluate the performance of new
CR algorithms and techniques that cannot be implemented experimentally when the necessary equipment
is not available [4]. Furthermore, the usage statistics of electromagnetic spectrum will play an important
role in deﬁning new public policies regarding the electromagnetic spectrum in the near future. In recent
years, spectrum occupancy measurement campaigns have been performed in several countries around the
world [5]-[8]. This information can be used for modeling the spectral occupation, which is the basis of CR
technologies. However, in Mexico, such measurements have not been carried out yet. In Mexico, there are
several regulatory studies conducted by the Federal Telecommunications Commission (COFETEL), which
only describe the status of the current allocation of spectrum bands in Mexico [9]. In this paper, spectrum
occupancy measurements in the range of 30 MHz to 910 MHz are conducted for the ﬁrst time in the city
of San Luis Potosi, Mexico. Results presented in this paper are part of a preliminary study carried out to
exhibit the spectrum underutilization in Mexico. We expect the results to be useful to the scientiﬁc com-
munity, telecommunications operators and the regulatory agency in our country to evaluate a shift towards
a dynamic spectrum access scheme, for which a consensus of all actors is needed. The rest of the paper is
organized as follows. Section 2 describes the location and methods used to perform the spectral measure-
ments, the equipment used and how the collected data is processed. Then, power spectrum measurements
are analyzed in Section 3. Finally, Section 4 provides the conclusion of our study.
2. Methodology
The methodology is presented in three parts. Firstly, a brief description about the location where the
measurements were conducted is given. Secondly, the equipment used in the experiments is detailed and the
measurements approach is described. Finally, the data processing stage is explained.
2.1. Location
The spectrum measurements were conducted in the city of San Luis Potosi, Mexico. The Greater San
Luis Potosi area have a population of around 1,000,000 inhabitants and is one of the ten largest metropolitan
areas in the country. To perform the measurements, in this preliminary study we considered only one
observation point near our laboratory because of simplicity and accessibility. Therefore, the University’s
parking building located on the west side of the main campus of the University of San Luis Potosi (UASLP)
was selected. Figure 1 shows the abovementioned building. This point is located in an urban environment;
it is surrounded by shopping centers, schools, oﬃces, banks, established businesses, hospitals and parks and
has a great ﬂow of people throughout the day. The oﬃcial height of the city of San Luis Potosi is 1860 m
above sea level and the building has an approximate height of 15 m. The observation point has the following
geographical features:
• Latitude: 22◦ 8’42”.
• Longitude: −100◦ 0’51”.
• Altitude: 1875 m.
2.2. Equipment and Measurements
To carry out the study of power spectrum measurements, we used the equipment and speciﬁcations
described in Table 1, for these measurements the resolution bandwidth used was 1 MHz. Measurements are
made with the directional antenna taking into account the four cardinal points and following the methodo-
logy described in [10]. A directional antenna was selected to increase the system’s sensitivity, which is an
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Fig. 1. Map of the location
Table 1. Equipment Characteristics
Equipment
Directional Antenna Frequency Range: 54 MHz - 890 MHz
Gain: 10 dB
16 elements
Spectrum Analyzer Frequency Range: 1 MHz - 2700 MHz
Max Span: 2699 MHz
Min Span: 320 kHz
Ref Level: -20 dBm
Sweep: Automatic
Resolution Bandwidth: 1 MHz, 280 kHz, 1kHz
advantage, because an antenna of this type provides better results than an omnidirectional antenna despite
adding complexity in the measurements, due to it has a higher gain and greater coverage [10]. A schematic
representation of the methods and procedures can be seen in Figure 2. For the measurements, we started at
the frequency of 30 MHz to 70 MHz and advance in ranges from 40 MHz to 40 MHz until stop in 910 MHz.
Each round of measurements is started by placing the boresight of the antenna reception northward. Once
in that position, ten samples of spectrum are taken at regular intervals of approximately ﬁve seconds each.
Then the antenna is turned eastward where ten samples are also taken. The process is repeated sequentially
until completing the three hundred and sixty degrees round. This procedure setup is also shown in Figure 2.
Thus, for each range of 40 MHz, forty samples are taken in total, which are measured in twenty two turns
making a total of eight hundred and eighty samples in the aforementioned range of 30 MHz to 910 MHz.
The experiments are carried out during an ordinary week day for periods of time of approximately 2 and a
half hours, which included the morning, afternoon and evening. Therefore, the measurements cover a total
of seven and a half hours of spectral activity.
Spectrum users
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Fig. 2. Setup of the location
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2.3. Data processing
In this investigation, the spectrum analyzer used to carry out the spectrum measurements provides the
option to store all samples of a measurement as a .csv ﬁle, which has the power spectrum information
occupying each frequency range. Thus, each ﬁle contains three hundred and twenty one dot resolutions
in total. In this study, each frequency range of 40 MHz is sampled with the abovementioned number of
points. Then, after storing the samples the information is post-processed using Matlab. The oﬀ-line post-
processing is explained in what follows. For each frequency interval of 40 MHz there are forty samples,
which were obtained from ten samples taken in each of the four cardinal points. Then, all samples are
averaged to obtain the overall measurement of one part of the day considered here (morning, afternoon or
evening). Finally, the overall measurements of the three parts of the day are averaged. Thus obtaining a
general overall measurement, as it is shown in the results section.
3. Results
Taking as a reference the oﬃcial frequency allocation of the National Chart of Frequencies Allocation
(CNAF) provided by COFETEL [11], the following analysis is presented. For Very High Frequency (VHF)
bands, it can be seen from Figure 3 that very little presence of activity exists since most of the time the power
spectrum is below -70 dBm in the band from 30 MHz to 50 MHz, where spectrum is assigned to private
radio communication services. It is clearly shown the presence of activity in the 54-72 MHz frequency
range corresponding to TV channels 2, 3 and 4 wherein the channel 2 has more power. Applications such
as radio astronomy, short range mobile service (less than 100 m), aeronautical radio navigation systems and
some radio static or mobile phone have a space reserved within the 72-76MHz range, with some variations
in power, but remains below -70 dBm. TV channels 5 and 6 show activity in the range from 76-88 MHz.
FM broadcast stations are allocated from 88-108 MHz, where the power of each station varies, in this range
of frequencies, the transmissions are continuous and it is diﬃcult to appreciate an empty space.
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Fig. 3. Frequency Spectrum 30 MHz - 310 MHz corresponding to the minimum, maximum and average spectrum power of one day of
measurements.
It is worth to point out that, within the range of 108-132 MHz there are frequency bands that are used
exclusively for emergency services and aeronautical navigation. Therefore, since the distance between the
observation point and the city airport is large, these frequency bands exhibit big portions of electromag-
netic spectrum empty. Thus, these empty spaces might be available for opportunistic transmissions. The
frequency range of 136-148 MHz, which is allocated to mobile satellite and non-geo stationary services, is
also shown to be underutilized since activity is very low. On the contrary, TV channels 7 to 13 operating
within the frequencies of 174 MHz to 216 MHz, shows a busy activity for continuous periods of time. It is
interesting to mention that in Mexico several broadcasting channels stop their transmissions late at night, as
it is the case of the local TV channels 7, 9 and 13. However, since the spectrum measurements presented
here are not made during the early morning those empty spaces cannot be appreciated in Figure 3. The
ranges from 216-220 MHz and 225-243 MHz, which are allocated to studio-transmitter links for AM and
FM broadcasting stations, presents great power and a permanent activity during the day.
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Some channels of narrowband radio within the 220 MHz to 222 MHz did not show activity during these
measurements. Also, there are other spaces allocated to TV studio-transmitter link within the range of 251
MHz to 323 MHz that exhibit lots of activity, as it is seen in Figure 3. Finally, there is no high activity mea-
sured between the range of 251-270 MHz, nor in the range of 310-323 MHz. Hence, it is shown this way
that these spaces could be used dynamically by other unlicensed users. Figure 4 shows the power spectrum
measurements in the range of 310-600MHz. The 328-380MHz spectrum band is used for aeronautical mo-
bile and point-to-point multi-channel communications. Figure 4 shows that there are several primary users’
signals with very low power and hence a reasonable empty space of spectrum that could be reallocated.
A continuous signal with considerable power within the range from 380 MHz to 400 MHz is allocated to
security applications. The signal of digital trunking services appears with low activity in the range from 410
MHz to 430 MHz. Therefore, there are some underutilized spaces in this frequency band. An interesting
activity that does not remain constant correspond to private services wireless local access, which appears
within the frequency bands of 440-450MHz and 485-495MHz. These areas present a lot of activity and few
voids. By agreement of the International Telecommunications Union (ITU), international mobile commu-
nications technology for CDMA are allocated within the range of 450-470 MHz. In Figure 6 it is possible
to see the changes occurring in these frequency bands, for which there exists a strong presence of primary
users’ signals. Nevertheless, they do not remain with constant power throughout the day.
310 325 340 355 370 385 400 415 430 445 460 475 490 505 520 535 550 565 580 595−90
−80
−70
−60
−50
−40
−30
−20
−10
0
Frequency (MHz)
P
ow
er
 (d
Bm
)
 
 
Average
Minimum
Maximum
Digital Trunking
Fixed Service 
Multichannel
Private 
Radio 
Communication
TV Channels 
Security Applications CDMA
Fig. 4. Frequency Spectrum 310 MHz - 600 MHz corresponding to the minimum, maximum and average spectrum power of one day
of measurements.
Figure 5 shows the power spectrummeasurements in the range from 600MHz to 910MHz. TV channels
14 to 51 are distributed in the large frequency range from 470 MHz to 806 MHz. Figures 4 and 5 show that
there are primary users’ signals present in the frequency ranges of 470-510 MHz, 540-560 MHz, and 640-
660 MHz. Nevertheless, there are no primary users’ signals in other frequency bands, which leaves large
gaps in the spectrum bands of 520-540 MHz and 570-640 MHz, both of them highly underutilized and thus
potentially suitable for opportunistic use. Such spaces are commonly named the TV white space bands.
Another large spectrum portion with low activity appears within the range from 698-806 MHz, such space
is oﬃcially assigned to TV channels 52 to 69 and currently are in the process for being assigned to Digital
TV.
For the frequency range from 806 MHz to 902 MHz, the CNAF allocated bands for mobile phone
services, air-ground communications services, telemetry applications, and remote controls. By analyzing
the previous frequency range, it can be seen that from 806MHz to 850MHz there is a low activity of primary
users’ signals. Consequently, this represent a spectrum opportunity that could be used by unlicensed users.
On the contrary, the range from 850-890 MHz is plenty of activity. This is expected since the frequency
band is allocated to mobile phone users. Therefore, the presence of primary users’ signals is constant and
this characteristic does not change throughout the day. It is reasonable that the activity in these frequency
bands is fairly (like in FM radio stations and TV channels) because of the large number of users, for which
more bandwidth is required.
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Fig. 5. Frequency Spectrum 600 MHz - 910 MHz corresponding to the minimum, maximum and average spectrum power of one day
of measurements.
Finally, Figure 6 shows the power spectrum variations on time. It is useful to fully appreciate more
details of the empty spaces of the spectrum (i.e., spectrum holes) either permanently or highly underutilized.
Also, it clearly shows that some frequency bands, despite being assigned to a service or application, have
almost no users (i.e., few activity) and others that due to the geographic area and the transmit power at which
they operate release the spectrum only in certain places.
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Fig. 6. Frequency Spectrum Occupancy 430MHz - 510 MHz.
4. Conclusions
In this paper, we presented preliminary results of power spectrum measurements conducted in the city
of San Luis Potosi, Mexico. We measured the power and analyzed the frequency assignments according to
the CNAF from COFETEL in the range from 30 MHz to 910 MHz. The study provides useful information
regarding the current usage of the electromagnetic spectrum in the Mexican city of San Luis Potosi. For
the analyzed range of frequencies, it is shown that in Mexico the spectrum is not being used eﬃciently,
especially in the frequencies from 240 MHz to 270 MHz, 520 MHz to 540 MHz, 570MHz to 640 MHz, 690
MHz to 735MHz and 760MHz to 810MHz. Therefore, a policy shift towards a dynamic spectrum access is
needed for which cognitive radio technology is a suitable solution to the spectrum scarcity problem. Results
show the need for a further analysis in higher frequencies and for longer periods of time.
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